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i iI. INTRODUCTION

1.1 This volume of the comprehensive report presents the specific
computer simulation that has been devised and tested during the contract

~year,

1.2 In Section II the conventional computer flow charts are presented.
In Section III the symbols used in the flow charts are defined and a de-
sdripticnof the flow charts is given. This descripfton takes the reader
step-by-step through the simulation explaining the purpose of each com-
puter operation.

1.3 In Section IV the Jiteral computer program for the simulation is
presented. In order to achieve generality in application, two versions
of the program, one in ALGOL and the other in FORTRAN, have been pre-
pared and are- presented one after the other.
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I II. FLOW CHARTS FOR COMPUTERSIMULATION OF I
ARTILLERY-FIRED GB SHELLS

2. 1 This section presents the seven flow charts which provide a con-
ventional represcntation of the computer simulation.

2.2 With the advent of the new computer languages such as ALGOL
and FORTRAN, certain simpliftcations-have become available in computer
programing which tend to cause minor differcnces between the flow charts
and the programs based on them. For example, the FOR instruction in
ALGOL supplants the conventional loop program illustrated in the flow charts.
' The- instruction: FOR N = (1, 1, 1Z); BEGIN .... takes the place of the
loop: SET N 1; PERFORM OPERATION ON VARIABLEN; Is N 4;,2?; IF
N,= 12, EXIT; IF N 12, ADD 1 TO N, PERFORM OPERATION ON VARIABLEN....
2.3 When several loops-are contained one inside:the other, the flow

charts tend to clarify the order of operations which can become obscure
i1 when embodied in-the computer programs.

2.4 Flow Chart l gives an over-all view of the simulation.. The suc-
ceeding charts present: (a) targeting and delivery of the GB shells, (b)de-
termination of the fragmentation effect, (c) determination of the splash
effecL, (d) determination of tho; GB Vapor effect. (This las. -ippears- on
three charts. On-the first chart 6f the series aged&netric determination of
whether a target is in-the path 6f the GB Vapor cloud-is made. Onthe
second -chart the determination of breathing parwmeters, response delay
time, breathing phase-at impact time, masking time,- breathhold-time, and
gasp time is made. On the 'third-chart the Inhaled vapor dose is calculated.)
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2. TARGETING AND DELIVERY
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III. DESCRIPTION OF THE FLOW CHARTS

3. I This section presents a list of symbols used in the flow chartsIand a step-by-step description of each operation. Each explanation is
keyed to a corresponding block on the flow charts by the use Of block

numbers.
3. Z Although Flow Chart 1 (the Master Flow Chart) provides, for de-
termination of time dependent impingement (downwind impingement), thereiis no flow chartor program at present tocarry out this determination. This
feature of the model has not yet been developed, but is expected to be
added early in the coming contract year. The modular nature oj" the model
makes this addition quite simple.

E 3.3 Since this -model is, by design, a Monte- Carlo simulation, it is
L " of interest tosummarize the variables whose values are determined by,

sampling from probability distributions. In -the current form of the simula-
tion, the following probability distributions are -used.0

a. Target element -location error (assumed symmetrical
in x and y ).

b. Battery-nvolley centroid x-coOrdinate error.

c. Battery-volley centroidy-cotrdinate error.

_/ The assumed symmetry in x and y makes the. detec'"o prode s correspond
to aerial photographic reconnaissance. If, for example, artillery b-
server reconnaissance were used, t hef e Would.be different distributions,

ifor x and for y.Ii i1

I ------ - ---- ,.--- ----!-- ,..------ -- -



.. . ... ...... ....... .........rroIr
d. Individual-piece x-coordinate error.
e. Individual-piece y-coordinate error. II,
f. Response delay time.

g. Masking time. i

h. Duration of breathhold.

i. Tidal volume. [1
3.4 With further development it will be possible to sample values-6f
additional quantities such as source strength, stability parameter, and
wind speed.

3.5 In -to the sampling of probability distributions just re- 
ferred to, thcce ere currently three other random, deterinations:

a. rit the start there is a-random selection-of three
target elements from the array of target elements
(see Block T-l).-

b. In the fragmnentation routine a target may be-determined
to be in a zone of potential fragmentation casualty.
When this -Is the case a random number is compared with
the pro}abtlity of casualty for the particular zone. If
the random number is less than Or equal-to the probability
the target is a casualty (see Block B-16).

c. In the breathing parameter subroutine the target's

pha.se in the breathing cycle is selected atrandom.

3.6 Currently, the chemidai dose-response relation Is not used in
the program which has been written. The final, output of a computer run
is the total chemical dose received by each target element. It Is a rela-

tively simple-matter to extend the program so that a Monte-Carlo deter-
mination of degree of-casualty can be made following the determination
of the chemical dose.

NOTATION: FOR iFLOW DIAGRAM I
3.7 The notbt in utilized in the flow diagram is defined under the
followiii classifliation s:,I

I Cdodinate Notation

rg ug and1DeliveryNotatIon

12



I
I

3. Fragmentation Notation

4. Splash Notation

5. Breathing Parameter Notation

6. Dosage Notation

3 Coordinate Notation

(xi, yi) Location of impact of the ith shell

1 (Xn' n  Location of the nth target

(xe,, ye) Location of one of the targets observed

(xV', ye,') Estimated location of one of the-targets observed-

(R', y') Estimated centrold of target observed;
location at which battery fires

( , ) Location of impact centrold

(x", y") Errors in firing of individual guns

(xiW yjw) Location of impact of ith shell in wind coordinates

SI(xnW, yn ) Location of nth target in wind coordinates

(x'i y,) Distance downwind and crosswind from impact-to
! t target.

Targeting and Delivery Notation

i Impact index;0-1,2, .. A

L Location of impact of shell fired-from left-most
gun if there were no individual piece firing error.

n Target index; n -1,
rro The largest integer obtained by dividing the number

1000 by-nM.

SIC The distance between aiming points of each gun.

e The direction of the wind in degrees measured
counterclockwise from the x-axis.

Fragmentation Notation

d Idni Distance of the nth target from the it h impact.
t I f Cotangent of the angle between the X-axis and

fthe line between the , impact-c nd-the .target.

13,
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A small distance from the impact in which a-maximum
casualty occurs. I

PMAX Maximum range of fragmentation.

O ector In which fragmentation occurs; T_ !,Z,. 'rMAX

Denotes varying radii cis min s ured, from the

61r Cotangent of the-angle becween side 1 of the 7 th-
sector and the x-axis.

(YTZ Cotangent of the angle between side Z of the rth

sector and the x-axis.

I r4 The radii for the 7rth sector.

Z the zone formed. by the rth sector and- the radii,
rT and r7

Splash Notation

k Index for denoting ellipses of different sizes;k ,, kX
ak Distance from the center of the kth ellipse to the-

edge of the ellipse along the majoraxis.

b k Distance from the center of the kth ellipse to the
bk edge of the ellipse along ,the minor axis.I k Distance from the center of the kth ellipse to ech

I focus.

XkDstnefrom the cetro tekhelpeto
teimpact point.

P Pnlk Sumn of the distances of the target from each of the
two foci for the th ellipse.

BetigParameter NotationI

BMiT1 apidx Time- for j th breathhold plus exhale-time.I

O D Gjasp Duration (duration of, Inhale portion of gasp).
q Indexes an Interval of width 6 in the breathing

cycle; q~ 1,2, ... tl!1 64 14

;L,



I
R Burst radius of shell.

Increment of time in breathing cycle used.for
numerical integration.

tA Time of arrival of gas cloud relative to time of
impact.

tD Time of departure of gas cloud relative to time
of impact.

ftm Masking time (in increments of 8).

tm Time at which masking is completed relatIve toII time of impact.

tw  'The time relative to the beginifig of a man's breathing
cycle at -impact time.

t_ 1  Response delay time (increments of-6).

1 L Time relative to time 6fimpact.

tE' Time when gas cloud arrives relative to beginning
Iof the man's breathing cycle.

tGj Time at which the jth "gasp" begins relative to
beginning of the man's breathing; cycle

J tHil' Time at which breathholding first begins relative

to beginning of breathing cycle.

ti' Time at which masking is-completed relativo to
beginning of the man's breathing cycle.

The time relative to the beginning of theman's
cycle when the peak of the:breathing cycle is obtained.

i t 1 ' The length'of the breathing cycle.

til Time relative to beginning of the breathing cycle
when the man can respond to the impact.

TV Tidal volume of air intake.

a,b Integers; the duration of inhale is a8; the duration
of exhale is 2b6; tp' = Za; t l ' ,- tpV' Zb6.

Dosage-Notation

Bhl Location for accumulating steady breathing dose.

15



Gn Location for accumulating gasp dose..

q Intervals In breathing cycle; q- 1,,.. .t ! / 6 '

U ~Wind speed.

Stability parameter.

v Index used for numerical integration.

LIf(q) Fraction of TV Inhaled during the qth interval.
thrAv(q) Volume of air intake during the q Interval.

x(t,xy) Concentration of cloud at time t when target
is x' and y' from impact.

DESCRIPTION OF FLOW CHARTS-ACb-2, 20 JUNE 1961

Master Flow Chart

BLOCK M-1. Enter Pilot Model

The input elements-the constants and probability distributions necessary
fo: the battle-field model considered-are entered into the computer. j
BLOCK M-Z. Input Tariet Elements

The (x, y) coordinates of the targets are entered into the computer. The
number of target elements varies from 3Ato 100.

BIOCK M-3. Select Aiming Point

The point at which the guns are to be fired is determined as a consdquence I
of randomly selecting three of the actual target elements (errors associated ,
with-target acquisition are considered)- .

j BLOCK M-4. Compute Impact Points

'The coordinates of each of the impact points are determined. Two sets of
coordinate systems are used throughiout the sfnulatio :

1. a regular coordinate system and

' 3 . Z. a wind coordinate system.

-BL0Ck.M-;5. -IsFrag Considered?

l -.. 16
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This block makes consideration of ftragmentation effects optional.

iIBLOCK M-6. Compute Fray9 Effects/Casualties

This block determines the fragmentcti6n effects.

BLOCK M-7. .1c Snlash ConsIdefed?

This block makes consideration of splash effects optional.

T BLOCK M-8. Compute Splash Dose/Casualties

This block determines the splash effects.

This block makes consideration of time dependent vapor effects optional.

IT BLOCK M-l10. Compute Vapor Dose/Casualties

This block determines the results of the time dependenL vipbr.

BLOCK M-lii. Is Time Deipendent Impinadment Considered ?

~ ii This block, makes consieration of time dependent impingem~nt -effects
optional.

BLOCK M-12. Compute ImpIngerfent Dose/CasualtIes

This~block determines the results 6f-,thd time, dependent Impingement.

p BLOCK M- 13.* Cumulate Chemical'Dose

This block determines the total dhemicbil dosage obtained from the sp~ash
effect, the time-dependent vapor effect, And the time-dependent- impingea-

ment effect.

fl BLOCK M-14. Combute Net- Chbmical Casuailties

I This block determines the total chemical- casualties as a result of then chemical dose obtained In Block M-l13.

~ 17



BLOCK M-.15. Is There to Be Another ReplicatiOn?

This block tells the computer the number of times to perform the simulation.
If there is to be another replication, the sequence of events that began
in Block M-i is repeated.

BLOCK M-i. 6.

When all replications for the specified input elements are completed, the
computer stops.

The blocks as generally described in the Master F.ow Chart-will be described
in more detail in the following pages.

Targeting and Delivery

BLOCK T-l. Select at Random Three Targets I
From the nMAX target elements entared into the machine, throetarget elements
are selected at random. The random process for selecting these three targets
is as follows:

I. 'The l&rgest integer, r', that can-be obtained by dividing the number
1000 by nMAX is determined.

Z. Using the interval width of r', nM& intervals are constructed. I

3. There is an interval which cbrresponds to each of the target elements,
nM x . i mander, 1000 - (rl)(nMM as consequence

jof dividing- nMAX into 1000, is nota usable random number.)

4. The first target element is obi:alned bydetermining the correspondence
between the interval in which the first.random number falls and the
input target elements. If the random nUmbir selected iS greater than

(r)(nmAx), another random number is chosen.

5. After the first target is selected, there are two intervals which are not I
usable, the interval corresponding to the first target. selected and the
inte'val greater than (r')(nMAX).

6. This process is repeated until three different target elements have been
selected.

BLOCK T-Z * Calculate the Centroid

The cenh:roid of the three targetsselected ktrandon iscalculated bythe

18-



following equations:

BLOCK T-3. Estimate Coordinates of Random lSelected Targets

The x and y errors involved in the estimates of the three target elements

- are determined from a probability distribution of errors,. In the currentI version of the model the variance of the x errors is identical with the
variance of the y errors. These variances can be different. The estimated

I coordinates or the three randomly selected targets ate obtained byadding
these x and y errors to the actual x and y coordinates of the three randomly
selected-target elements, respectively.

BLOCK T-4. Calculate Estimated CentroidI
S The estimated centroid is the point at which the center of the volley is

aimed. This -point is obtained from the estimated coordinates obtainedt in Block T.-3 by the following two equations:

S3 3IIi"' ~ Y /3

B LOCK T-5. Print Targetind Information
i The following targeting-information is printed:

1- I. The coordinates of each of- the randomly selected target elements

(determined in Block T-1).

-l 2. The actual centrold of the three randomly selected elements
m(determined in Block t-Z).

3 3. The coordinates of the three estimated target elements (de-
termined In Block T-3).

'ij 34. The estimated centrold for firing (determined in Block T-4).

[ BLOCK D-i. Select Impact Centroid

7! The impact centroid'is determined by-,Adding the x and y r(;rors in b~ttery

19



firing to the coordinates of the estimated centroid (calculated in Block T-4).
The x and y errors are-obtained from a probability distribution of errors in i
the impact centroid from the estimated centroid. The variance of the x
errors is not equal to the variance of the y errors. This block takes into 1
account the artillery battery delivery error. ]

BLOCK D-2. Select Impact Errors for Each Impact

IThe x and y errors for each impact point about the point at which the gun
was fired are obtained from a probability distribution of individual piece 11
firing etors. An x and y error is selected for each of the iMA impact

points.

BLOCK D-3. Computer Impact Coordinates in ReQlIr (x. y) System

Figure 1 illustrates the computation of the impact coordinates. The-x-coordinate
of the impact point of the-shell fired from-the left-most'gun would be located'
a distar.ce of (I W/2) = I. from the x-coordinate of the impact centroid
(determined in Block D-l) if there were no individual piece firing error. The
remaining x-coordinateS of the points at which the shells would strike if there
were no-individual piece firing errors are

L + C , L4+Z,...,L + (iMA--I)C.

By adding the x-errors as obtained i Block D-Z-to L + , L + 2C,,.,
L + (iMA.- 1) r, the actual x-coordinates of -the individual impact points
are determined. The actual y-coordinates for each of the individual impact
points ate determined by -adding the y-errots, as obtained in Block D-Z,
to~thd y-coordinates- of the impact centroid, as obtained in Block D-1.

BLOCK D-4. Comnute Wind-Coordinates of Impact Points

The impact coordinates-are determined when the regular X and-y axes are
rotated by the number of degrees corresponding to the wind direction. -
The following equatLons ,are used:

=xiw = xicose + Yisine

YW = icos x sin1

where -xi and y are the impact coordinates in the regular coordinate
system (where the x axis is parallel to FEBA and the y axis is perpen-
diculaf to FEBA), xw'afid yW are thecoordinates in the wind-coordinate

20



-3 6 Tubes in Battery (iMAAX 6)

Left-most Impact Point
3 Befc.re Individual Piece

Firing Error Added

Left-most Impact Point
After Individual Piece-

IY Firing Error Added

-Impact Centroid
From BLOCK:D-l

IIxii

FEBA

FIGURE 1. COMPUTATION OF THE IMPACT COORDINATES
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system, and 6 is the wind direction in degrees with respect to the x axis
(the xw axis is parallel to wind direction).

BLOCK D.-5. Print Delivery Information

The impact centroid and the impact points for each of the shells are [9
printed both In the regular coordinate system and also in the wind coordinate
system. Ui
Fragmentation

BLOCK F-I. Is Frag Considered? i
This block makes consideration of fragmentation effects optional.

BLOCK F-2. Set i = I and n = I

In Lhis block i and n are set equal to one.

BLOCK F-3. Is y1 I Yn? 

See Figure 2. The coordinates of the impact point are denoted by (x1 ,yi),
and the coordinates of the target are denoted by (xnYn). Whenever the
y coordinate of the impact point, Yj Is great' r than the coordinate of the
target, Yn, the target is not hit.

BLOCK F-4. Compute Distance of Target from Impact-Point

For economy in computer operation, the squares of distances are computed
and compared, rather than the actual distances. The distance squared
of the target from the impact point is computed by the following equation:

dni2 =(xn -Xi + (Yn -y)

BLOCK F-5. IS dniz 2 MAX ?

There is a distance,, PMAx' from the impact point beyond which fnagmenta-
tion effects are negligible. If fragmentationeffects are negligiblo, the
computer keturns to Block F-Z1. If the target is within pMAX' the severity



7

'Distance From Target to
-Impact is dni

y

Y/
2 II 02.1

r 22  XN22 r 22 PMAX 1

INTgt Y n "

a r., 2 12 /3

32 10r.

Z 31  --

(Values of x-and B Designate Cotangents of Angles
Between Radial Lines and-the X Axis)

FEBA X

FIGURE 2. FRAGMENTATION PATTERN
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of fragmentation effects is computed in the rem'ining blocks.

fill

It is possible that the distance between the target and the impact point
is so small, j4, that a direct hit is obtained. If a direct hit is obtained,n.
the occurrence of such a hit Is stored. I

BLOCK F-7. Store Maximum Casualty

If a direct hit has occurred, maximum casualty Is stored.

BLOCK F-8. Is yi = n

In this block, ahd also Block F-9, and F-10, attention is -focused on
determining the cotangent, Pni, of the angle between the x axis and the
line connecting'th6 impact point and the target. If the-impact point dflda

the-target are the same distance fromh the x-axis, yi Y n' Aniisinite

BLOCK F-9. Set 6n __I

Since the computer is not equipped to handle a number as large as infinity,j special handiing-musttako place. -The location whiah contains fini is set
equal to 9. 9 x 104 0 to-indicate that ~ni is equal to infinity.

BLOCK F-10, Compute #ni

Since this cotangent is less than infinity, the computation forflni is
obtainied by-using thd following equation:

BLOCK F- 1. St?: I

T deote th setoi n wcI.iraentation effects occur. (See Fi~ure2)
-With 71, a determi nation ,will be,, mde6 to. see i f the target is, in the

firt ectr.If, ieeal h~f--re -Are71 b(ectos (Tr 1 , 2 '*,*'rMA~).

7 77
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BLOCK F-12. Set - 1

The Greek letter is used as a subscript-to denote varying radii as
3measured from the impact point. In general, 4 is equal to 1, Z, ... , MAX(r)'

The radii for the Tth sector are denoted by rTl, rrZ, ....

BLOCK F-13. Is ('I : .Sni?

As shown in Figure Z, &Tl is the cotangent of the angle between side one
_I of the Tth sector and the x axis. if xTl is not less than or equal to Ora,

the target is not in the rth sector. In this case the machine returns to
5 F-Z1 and the next impact is considered.. If orj is less than or equal to

t #ni, a check is made in Block F-14 against side two of the .th sector.

5 BLOCK F-14. IS flni : .Z?

The notation 'Z is used to-denote the cotangent of the angle between
-Iside two of the rth sector and the x axis. If- Oni is equal to or less than

a'rz, the target is in the rth sector.
2 Z

BLOCK F-15. Is dni . r7

i- Since 6 is initially set to one, a-no answer means that the target lies
within radius one of sector r. This region is denoted zone Zrl. If-the
answer is yes, 6 is increased until the zone is determined.

BLOCK F-16. Calculate Fragmentation Effects for Zone Z .

Corresponding to each zone, Z,£, there is 6 probability that a frag-

mentation casualty occurs. A casualty occurs, if a random fiumber is
equal to or less than the probability of a casualty. The number of
casualties for each target elament is accumulated over all impacts.

BLOCK F-17. Is 4 equal to 4 MAX(,r)?

If 4 is equal to 4 MAX(T)' the target element is in an area free from frag-
mentation. The sequence of operations in F-2l follows and the effects
of the next impact are considered. If 4 is not equal to MAX(f), then
the target element may be within a zadius corresponding to a greater value
of 4 and the next larger radius is considered.

25



BLOCK F-18. Increase t by oneI

For the same sector of T, is increased to the next radius, ~ F1. The
sequence of operations in Block F-15 follows.

R OCK P-19.Ts MX

If r is equal to-T MAX, then the target element is outside the !A-st-ftagmen-
tation sector and fragmentation effects are negligible. 'If ,ris not equal
to rMAX (that is, 'r is less than-rMAX), the next 7r Sector IS considered.

BLOCK F-20. increase r by one

Since 'r is less than rMX not all-sectors have been considered. There-
fore, the next sector is considered by increasing 'r by one. After increasing
r, the sequenceof operations inBlock F-12 follows.

BLOCK F-21. Clear dni and Ani3

Sinice the next impact is -to be considered, certain-storage, locations must
be cleared.

BLOCK F-22. Is i= iMAX?1

If i is equal to i,,, air- impact points for this target element have occurred
and a-print-out follows. If I s not equal to im~x (that is, u s less than

iAXfurther impact points are to be considered.IBLOCK F-Z3. ~ Increas e Ib- one

The-next impact Is cons id~red by increasing I by one.

IBLOCK F-24. Print Out

' The, -results of the, impaidts on'the target elements are printed out.
Spz~difica lly, the-rhumfber 6f times in whc tetagt lment sacult
.As- priiitdd- out. wihtetre .~ sacsat

Teeffects .of~e -o hach oon, nx ~'~-

t AX'Ipats 6 h et-agt-lmn are
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considered, again beginning with the first impact.

BLOC'X F-Z6. Is n = nMAX?

If n is equal to nMAX, the effects of all impacts on each of the target
elrfients havE been evaluated and printed; therefore, the computer dnters
the routine for evaluating the effects of splash. if n is not equal to
nMAX (that is, n is less .than nMAX), the effdcts, on all of the target
elements have not been evaluated.

BLOCK F-27. Increase-n by One

The value of n is increased by one so that the fragmentation effects on-
the next target element may be evaluated.i _

Splash

BLOCK S-1. Is Splash Considered?

tThis block makes consideration of splasheffects optional.

BLOCK S-Z. Set i = 1, n = 1, k = kMAxIt
This block initializes values for the three parameters- 1, n, and k. The
letter k, is used as an index for denoting ellipsei of different sizes;
-as k increases, the size of the ellipse increases.

Note to BLOCKS-S-3, S-4, S-5, and -6:
In Blocks S-3, S-.4, S-5, and S-6, the index k has

only the value kMAx so that only the largest splash
region is under consideration. The largest-splashI * ellipse, kMAXi is approximated by a cJrbumscribing
rectangle. If the target element lies inside this
rectangle, further tests starting with BLOCK S-7
are employed. These tests determine the annular

aI ~region between ellipses in which the target element
lies.

BLOCK 8-3. Is Yn > yi + Ak + bk ?

-This block determines whether the target element is too far downrange

from- the point of-Impact.

j 27
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BLOc;K S-4. Is -Vn < Yi + Xk- bk?

This block determines whether thetarget element, is too far uprangefrm I.
the point of impact.

BLOCK S-5. Is x > xi + ak?

This block determines whether the target element is too far to,the right
of the -poin~t of Impact. i
BLOCK S-6. Is Xn <xi a k?

This block determines whether the target element is -too far to the- left
of the point of Impact.

BLOCK S-7. Compute. Pflik

L Refer to:Figure 3.- The sybol nik used to denote the sum of the
f distances of the-targetfrom each ofthe twoJ6foLof the kth. ellipse6 aid

ck is usedAo denote the disthncefrom the-center of-thek Ohellipse to
eachfocus. The formuia fdr pnitsas follows:

P nik (Xn -xi + (Yf " Yic kk) x x+"-Y- k k)

BLOCK- S8. Is Pnik >ZakMAX?

If 0 nik > ZkM X , then th .,target elementis~-n6t within the k th. ejiipse
and the next Impact point willbe considered. If pni sesii 'n
theniAhe-target, element-is- within the k .t elIpse.. The ,subsequent

-blocks determine the, lowest, num-bered "ipse which; includes the, target I
element.

BLOCK S-9. Is k.=?

If kis equal to one, the ,target element is within the ,first ellipse ,or:reglon.
one., -Proceed.toBlock S- 13. If k.is not,.equal ,to one, -proceed ,to Block
S- 10.
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BLOCK S-10. Decrease k by One and Compute Pnik

The value of pnik for the next smaller ellipte is computed.

BLOCK S- 1i. Is pnik > Zak ?

If p., is greater than Za, then the target elementis not within the kth

ellipse, but is within the k + 1th ellipse. An inquiry is made about the
target being in the kth ellipse only ifthe targot is within the k + 1,th

ellipse. If Pnik is less -than Zak, then the target element is within the
kth ellipse. Therefore, the target element is in one of the following
regions: k, k- 1, ... 2, 1.

BLOCK S-1Z. Determine Splash for Region k + 1

Since It has been ascertained that the target element is within thek + Ith

region, the corresponding amount of splash ii determined."

BLOCK S-13. Determine Splashfor Redgion'1

, As a result of the logic in Block S-9, it is determined-thatithe target
ii element is within region one and the corresponding quantity of splash

is determined.

BLOCK S-14. Set = kMA

Since the location -of the -target element with resoect-to the splash-regions
has been determined forthis impact, the Value of k is reset tok MAXfor
use in determining the location of the target element with respect-to the
next Impact.

~BLOCK S -!5. Is.i IiI ?

If i is equalto i , -all impacts have been considered with reference toa
specific tafget eimeit. If t is not equal to I (that is, iJis less than,
" mm), then the next-imPact is to be considered.

N ), BLOCK,,S=I6. lncrp 59e Iby--One

' -: Th nextimPact is considered by Increasing by one.

'?B-OCK= ' 6 In-oea, ibv- One Dl
7\Y~> '30
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BLOCK S-17. Is-n = nMAX?

If n is equal tO-nMAx , all target elements have been evaluated for all
impacts and the computer will proceed to the evaluation of time-dependent
vapor. If n is not, equal to fiMAX (that is, n is less than nMAX) the next

target element is considered.

BLOCK S-18. Increase n by-one, set-i = i

jIn order to ascertain the effects of the splash upon additionial target
elements for each of the impacts, n is increased by one and i is set
equal to one.

Time Dependent Vapor

BLOCK V I. Is-Time Dependent Vap6rConsidered?

This block makes consideration of time dependent vapor effects optional.

BLOCK V-2. Set i= = 1 n=i 1

K!This block initializes values for-the parameters i andn.

l BLOCK V-3. C6lculate x' and y- distances from impact to target

i (Pee Fig-are 4) This block calculates the x' distance and-y' distance (wind} coordinates) between the target and the impact. The equations used for

this calculation-are as follows:
1 * x - XnW W and y' ynW - Y w

BLOCK V-4. Is -iR-:9-y' :k 2R?

This block determines whether or not the target is within permissible bounds
on the yw axis. R is the burst radius of the cloud. If -ZR :y' " ZR, then
the target may-be subject to the vapor cloud-effects. If y' is less than -ZR
or if y' is greater than +ZR, the vapor cloud has no effect upon the target.

BLOCK V-5. Is x' > -R?

j If ;-' is greater than -R, then the vapor cloud-may affect the target. If
x' is not greater than -R (that is, x' is less than -R), the vapor cloud has

[I no effect upon-the target,
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BLOCK V-6. Is i = MX ?

If i is equal to iMAX , the effects of the vapor cloud for each of the impacts
have been considered upon a specific target. If i is not equal to IMAX
(that is, i, is less than iMAX), then the effects -of additional thIpacts must
be considered for the target under consideration.

BLOCK V-7. Increase I by One

The value of i is increased by one, so that the vapor effects of the next
impact upon the target element may be evaluated.

:7 BLOCK V-8. Compute Time Dependent Vapor- Casualties for a
Target Element and Print Out

IThe- effects of the various dosages of vapor, which are obtained by
breathing and gasping, are summarized for each man aid printed out.

1 Also, there is a print-out -for each man which gives the number of times,
if any, in which he received a-casualty-producing dose.

BLOCK V-9. Is n nMAX?

If n is equalto nMAX , the effects of each of the vapor clouds for all
impacts upon each of the target elements have been evaluated and pertinent
information printed out; therefore, the computer enters the routine for

evaluatino the effects of the time dependent impingement. If n is not equal
to nMAX (that is, n is less than nMAX), the next target element Is considered.

BLOCK V-10. Increase n by One; setl = 1

The value of n is increased by one, so that the vapor cloud effects upon
the next target element will be evaluated for each of the impacts.

I BLOCK V-l . Have Breathing Parameters Been Generated?

If the breathing parameters have been generated, the computer enters the
dose subroutine. If the breathing parameters have not been generated, the
computer enters the breathing parameter subroutine.

]]~33
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Breathing Parameters

BLOCK B-i. Select at Random tw .

The random-variable, tw , is the time relative to the beginning ,f a man's
breathing cycle at impact time. The variable tw is expressed as an inte-
gral number of intervals of width 6. The inhale time is Za6; the exhale 11
time is 2b6; a and b are integers.

BLOCK F-Z. Select at Random Response Delay Time

This is the time which the target element takes before reacting to the
impact. This delay time is expressed as an intigral number of intervals
of width 6.

BLOCK B-3. Store Response Delay Time

The value of the response delay time, tl, is stored. Note: In the de-

termination of the breathing parameters, it is convenlent-to have two time
scales. One time scale is measured from impact time. The, other scale
is measured from the beginning of the breathing, cycle of a particular target
element. This time scale is denoted by time-symbols containing a-prime
(that is, t'). A time scale in-terms of the impact is shiftedt w imelunits
from the other time scale.

BLOCK B-4. Determine t-

Symbol t-_, is used to denote the time relative to the beginning-of the
breathing cycle when the target element begins to respond to the impact.
This time value is obtained as- follows:

t 1 ' -t_ + tw •[w
BLOCK B"5. Select At Random Maski-ng TLimes

distribution -of masking times, which are expressed as an- integral number
'of intervals-of-,width 6.

T BLOCK B-6. _Ccmbute and Store Masking Times
The timat Whi h maskingoccursis determined for both time-,scales from

34
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, I
the following equations:

tm = t "I + Atm and.

t '=t +tw.

i m

3 Breathhold Rules

There are five blocks which are used to determine the time at which the
target element begins the breathhold procedure. See Figure 5. The rules
which are used in establishing the time for breathholdare as follows:

(1) If at the end of the response delay time, a man is in the inhale portion
i Iof the cycle, he will continue inhaF' ig until he reaches the cycle peak,

tP .

3I (Z) If at the end of the response delay time, the man is in the exhale
portion and has exhaledless than 50%.0f the volume of air, he will begin

the breathhold immediately.,

(3) If at the end of the response delay time, the man is in the exhale
portion of the cycle and has exhaled more than 50% of the volume of air,rl he will -continue exhaling and inhale 50% of the normal-volume before

,- breathhold begins.

BLOCK B-7. Is t 1' 5 t ?

If t-1 is equal or less than t then the man was in the inhale portion

of the cycle. Otherwise, the- man was not -in the inhale portion of the
first cycle.

~BLOCK B-8. Set~til -tp

In accordance with rule one, as stated above, the manbegins breathhold

at the p4ak of the cycle, if -be is in the inhale portion at the end of the[U response delay time.

Ites + t 1 I

BLOCK B-9. Is t p1 '+ ' ?--

+ t I'ti If t 1  is equal to or less than .-.--.. , then the man was in the exhale

portion of the cycle and less than 50% of all the volume of intake air had

U: 35t i
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t P + til
been exhaled. If t is not equal to or less than -P---, the man is
not in the first half i he exhale portion of the cycle in ,h-ch the impact
occurred.

BLOCK B-1O. Set tHI' = tK.' 1
In accordance with the breathhold rules, when the man is in the exhale I
portion of the cycle and less than 50% volume has been exhaled, he
begins breathhold immediately. P
BLOCK B-Il. Is 1,4 .- tll?

If t 1 is equal to or less than tl', then the man was in the exhale portion
of the cycle and more than 50%6 ot volume had been exhaled. If t1 ' is 3
not equal to or less than tI', then the man was not In the breathing cycle 5
in which the impact occurred.

BLOCK B-1Z. Set till' 1 2

In accordance with the third breathhold rule, when the man is in the exhale I
portion of the cycle and more than 50% of his intake volume has been ex-,
haled, the time at which he begins breathhold occurs after he has completed '
the exhale and half of the next inhale.

BLOCK B-13. Is t-1 0 : til + tp ?

If t I is equal to or less than t ' + t ', then the man is in the inhale
portion of the second cycle. If - s not equal to .r less than then I
the man is not in the inhale portion of the second cycle.

BLOCK B-14. Set ti = tI' + t'

In accordance with the first breathhold rule, the time at which breathhold
begins is at the peak of the inhale cycle.

1 3t 1' + tp' ?
BLOCK B-15. Is t Ij

-f~",is equal to or less than3t'+Phennwa teIf 't, the man was In-the exhale portion

36X1se t s n
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I
of the second cycle and less than 50% of volume had been exhaled. If

is no equal to or less than 3tI' + tp' , then the man is not in the first

half of the exhale portion of the second cycle since the impact occurred.I
BLOCK B-16. Set tHl' = t-l'

In accordance with rule three, when the man is in the exhale porLion of
the cycle and less than 50% of volume has been exhaled, the breathhold
is b gun immediately.

BLOCK 13-17. Set tHi' = +t1 +I z
In the logic utilized In the program, it is Implicit that the man will be in

I either the first or second breathing cycle when he begins to respond to
the impact. Consequently, with a negative response to Mock B-15, the
man Is in the exhale portion of the second cycle and more than 50% of the
volume of air has been exhaled. Therefore, in accordance with the third-
breathhold rule, he will complete the exhale procedure and inhale 50% of

the normal inhale volume prior to holding his breath.

BLOCK B-l8. Set J = 1

[I The following blocks are concerned with determining the times at which
L gasps followiz. the first breathhold time occur.

BLOCK B- 19. Select at Random a Breathholding Time-

a I From a probability distribution of breathholding times a value denoted as
BHTj is obtained. This variable, BHTJ, is expressed as an integral number

* Iof intervals of width 8.

BLOCK B-Z0. Store t
! _ _

"- i The time at which, for example, the first gasp occurs, is equal to the time
of the first breathhold plus the breathhold time. (See Figure 5.) Note that
the breathhold time includes the time for exhaling.

This block inquires whether or not the jth gasp occurred prior to the time
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at which masking was completed. If tGj' is less than tm', then the man
has not masked himself at the beginning of the jth gasp. If tr, Is not
less than t ', masking has occured prior tO the beginning of the jth gasp;
consequent'y, the jth gasp does not produce any vapor dose.

BLOCK B-ZZ. Increase ] by One

The test of Block B-21 is applied to the (j + 1)th gasp.

BLOCK B-23. Select at Random BHTJ

From a probability distribution of breathhold times, a value for the nextI breathhold time will be selected.

j IBLOCK B-Z4. Compute tGj'

U All values of t.' for j equal to 2, 3,..., are obtained by adding to the
time at which te previous gasp began, the gasp duration, GD, and the
next breathholdlng time.

BLOCK B-25. Set tGj' =

When it is determined that the masking time occurred prior to the gasping
time a large number, 9.9 x 1040, is placed in storage to represent infinity.

BLOCK B-26. Select at Random TV

I The volume of air intake is selected at random from a probability distributionfof tidal volumes. Note: The following breathing parameters have been.
generated for a specific target element:

~till':

! Itu-1" tG 2 ' ..... co

[I
ti

BLOCK B-27. Exit to Dose Subroutinet i After the breathing parameters have been determined, the computer bcgins
the dose subroutine.
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Dose Routine

BLOCK R-0. Compute tA and tD i

This block computes the times of arrival and departure of the gas cloud .
for a particular target from the following equations:

ZR and x+ZR iA D -U

If the formula leads to negative tA' tA is set equal to zero. Both tA and
tD are expressed as an integral number of intervals of width 8.D1
BLOCK R-1. Compute tE' = tA+tW

This block computes the time of arrival of the gas cloud with respect to I
the beginning of the man's breathing cycle.

BLOCK R-Z. Is tE' a! tm' ?

If the time at which the gas cloud arrives is greater than the time at which I
the man puts on his gas mask, then the man receives no dose. The effects
of the next impact will then be determined with respect to this same man.

BLOCK R-3. Is t tHI
E' tll

If the time at which the gas cloud arrives is equal to or greater than the
time of first breathhold, then the machine will determine the-gasp dose. 3
However, if the time at which the gas cloud arrives is less than the time
of first breathhold the steady-breathing dose will be determined.

Compute 8 - MAX

-
This block determines the number of increments which will-be used inthe-

* nufnerical integration for ascertaining-the quantity of vapor inhaled
prior to the beginning of the first breathhold.

BLOCK R-5. Set Y = It =tA-++
4

': 40



i

The index, y, is used to denote the number of the next numerical integration
to be computed. The time, t, is set at the midpoint of the first interval
after the gas cloud arrives.

[ tE'
BLOCK R-6, Determine q MOD

I 'ha breathirg cycle increment number for the target, corresponding to the
tiniu at which the gas cloud arrives, is determined.

BLOCK R-7. Look-up bf(q)

T ae iraction of T1' inhaled in the qth increment of the breathing cycle is
determined from a table placed in the machine.

BLOCK R-8. Is of(g) > 0?

If the fraction of TV inhaled is greater than zero, the incremental volume
I: inhaled is obtained as follows:

IfI C t n vv(q) = TV [Af (q)]

If the quantity of vapor inhaled is equal to zero, this computation is
avoided.

BLOCKR-9. Is t= tA+ (Zy- 1)- T tD?

If the mid-point of the interval Is greater than the time of departure of

the gas cloud, then no vapor is inhaled since the gas cloud has passed
by. If the mid-point of the interval is less than the time at which the
gas cloud departs, then the man may breathe while the gas cloud is

I around him.

BLOCK R-10. Form C v(q)] LX(t,x', y')] and add to Bn

If the gas cloud has not passed by, then the quantity of vapor inhaled is
computed as a product of the quantity of air inhaled times the concentration
of the vapor. The concentration of the vapor is a function of Lhe time since
the impact and the x and y coordinates in terms of the wind-coordinate
system. This product is then added to the previous quantity of steady-
breathing dosage for the man which is stored in Bn .
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BLOCK R- 1. Is Y =YMAX?

If 7 is equal to YMAX all of the intervals in which the man could have
breathed the vapor prior to beginning the breathhold routine have been

tconsidered. The machine will next determine the quantity of v apr inhaled
during the gasping routine. If y is not equal to VMAX, (that is, y is less
than yMAX) , then the subsequent interval will be considered,

BLOCK R-lZ. Increase Y by one: (t by 8)

y and t are incremented by one and 6, respectively, for use In determining
the concentration of gas in the next interval.

BLOCK R-13. Is t > tm?

If t is gredter than tm, then the man is masked prior to the mid-polnt of
the subsequent interval and, as a result, he will receive no vapod. The
machine then will determine the effects of the next impact upon-this nian.

tie
BLOCK R-14. Is q = qMAX? (qAX =

If q is equal to qMAX' then the dose for all intervals in this 'breathing
cycle has been computed for this man. If q Is less than tMAX# -then-the
man is still in the same breathing cycle.

BLOCK R-15. Increase q by One

ti The index q is increased by one so that the fraction of the tidal volume i
inhaled dwiIng the subsequent interval can be obtained as in Block-R-7.

BLOCK R-16. Set q

The index q is set equal to one so that the next breathing cycle for the
k i man can be properly initiated. I

BLOCK R- 17. Set=I

The index for the gasp time Is set equal to one.

BLOCK R-18. Is tGj' =oD?
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If tG'is equal to o, this implies that the man had his gas mask on when
he made the jth gasp. If tGj' is not equal to oo, the man did not have his
gas mask on and the quantity ol vapor Inhaled will be computed later.

BLOCK R-19. Set Y=

= IThe interval index y (not the same y as previously used) is set equal to
-7 one.

BLOCK R-20. Formt =tj'-t
GJ tGj twSet t = tGj

The time for the jth gasp is obtained in terms of time with respect to the
impact time.

BLOCK R-2l. Is tGj + GD < tA?

if t,, + GD is equal to or less than the time of arrival of the vapor cloud,
Gi ththen no vapor has been inhaled during the j gasp; otherwise, during theB jth gasp some of the gas may have been inhaled by the man.

U BLOCK R-ZZ. Increase J by One

The Index j is increased by one, so that the effects during the subsequent
gasp can be deterrined.

BLOCK R-Z3. Is tGj +( l) k tD?
[ If the time of the mid-point of the vth interval during the jth gasp is equal

to or greater than the time of departure of the gas cloud,. then no vapor
~ was inhaled during the yth interval, otherwise some vapor may have been

inhaled during the y interval.
~I 1 6

" BLOCKR-24. Is tGj + (Z - 1) > ti?

L I If the time of the mid-point of the yth interval on the jth gasp is greater
than the time of masking, then no vapor was inhaled during the th interval.1The effects of the next impact are then ascertained, otherwise, some vapor

II may have been inhaled during the 7th interval.
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BLOCK R-Z5, Form Avg 7 X(tGj + (Zy - 1) and add to (Gn) i
23

Vapor dose in the yth interval of the jth gasp is obtained by obtaining the-
product of the volume inhaled and the vapor concentration.

BLOCK R-Z6. Is -  ?

If -/ is equal to GD divided by 6, then the complete vapor dose due to
the i t gasp has been ascertained and the subsequent gasp will be con-
sidered.

BLOCK R-27. Increase y by One., t by 8

The index y and time t are incremented by one and 6orespectively, in order
to evaluate the vapor dose during the next interval.
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S4.1 This section contaffis the literal computer programs in ALGOL
~and FORTRAN. These are the specific forms in which the simulation it

! read into the computer.
4.2Z At present a detailed annotation of the programs relating, them to,

I!-the blocks in the flow chars has not been made. This will be carried 6out
! In the next contract year.
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